d
REPORT DOCUMENTATION PAGE oM 0188

#ublic reporsing burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jetferson Davis
Highway, Suite 1204, Arlington, VA 22202-4302. Respondents should be aware that notwithstanding any other provision of taw, no person shall be subject to any penaity for failing to comply with
a collection of information if it does not display a currently valid OMB control number. PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS. )

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To)
15-06-2001 UU
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

See the abstract below

5b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER
See the abstract below

S5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATICN REPORT
NUMBER
9. SPONSORING / MCONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSCR/MONITOR'S ACRONYM(S)

11. SPONSOR/MONITOR’S REPORT
NUMBER(S)

12. DISTRIBUTION / AVAILABILITY STATEMENT

DISTRIBUTION STATEMENT A
Approved for Public Release
Distribution Unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT
Phone.txt DTICPUBO615.txt

US NAVAL dBSERVATORY COLLECTION

20010705 1064

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 17. LIMITATION 18. NUMBER 192, NAME OF RESPONSIBLE PERSON

Uu OF ABSTRACT OF PAGES See the abstract above

a. REPORT b. ABSTRACT c. THIS PAGE 19bh. TELEPHONE NUMBER (include area
codsg) See the phone fist above

Standard Form 298 {(Rev. 8-98)
Prescribed by AMS! Std. 239.18




USNO PUBLICATIONS SENT TO DTIC Friday, June 15, 2001

Beish, J.D., (1999). "Are Cloud Bands On Mars Rare Or Not?,"
Association of Lunar and Planetary Observers Internet Web Page:

The Mars Section,
http://www.Ipl.arizona.edu/~rhill/alpo/marstufflcloudbands.html

Beish, J. D. (1999). "Are Observed White Areas On Mars Real?,"
Association of Lunar and Planetary Observers Internet Web Page:

The Mars Section,
http://www. Ipl.arizona.edu/~rhiII/alpo/marstufflwhiteareas.html

Beish, J. D. (1999). "Astronomical Seeing," The Digital Lens:
Newsletter of the Association of Lunar and Planetary Observers

Computing Section,
hitp://ww.m2c3.com/alpocs/tdit 999/seeing10031999/Seeing2.html

Beish, J. D. (1999). "Meteorological Survey of Mars For Opposition
Years 1965-1995," The Digital Lens: Newéletter of the Association
of Lunar and Planetary Observers Computing Section,
http://www.m2c3.com/a|pocs/tdl1 999/meterological110199/MOM.html

Beish, J. D. (1999). "Nuts and Bolts of Computing the Ephemeris -
Part Two," The Digital Lens: Newsletter of the Association of
Lunar and Planetary Observers Computing Section,
http://www.m2c3.com/alpocs/tdl1 999/nutsbolts08301999/TDL-2.html

Beish, J. D. (1999). "Nuts and Bolts of Computing the Ephemeris -
Part Three," The Digital Lens: Newsletter of the Association of
Lunar and Planetary Observers Computing Section,
http://www.m2c3.com/alpocs/tdl1 999/nutsbolts10031999/TdI-3.htm!

Beish, J.D. (1999). "Sand Ships of Mars," Association of Lunar and
Planetary Observers Internet Web Page: The Mars Section,

http://www.Ipl.arizona.edu/~rhill/alpo/marstuff/sandshps.html




. Nuts and Bolts ot Computing the Ephemeris Page 1 ot 4
\.

Nuts and Bolts of Computing the Ephemeris

Part 3
Jeff Beish
Association of Lunar and Planetary Observers (A.L.P.O.)
INTRODUCTION
We have discussed some of the inputs necessary for calculating the Ephemeris such as, the
date and time systems. Some of part one and two were sideline information that you may
need to dress up the Ephemeris. Before getting started on the primary equations for the
Ephemeris let’s discuss some pesky transform routines. To correct a previous problem with
the year 2000 leap day, a new routine for Julian date is discussed.

PROGRAMMING TIPS

We may wish to start with come essential constants in the General section of our Visual
Basic form with:

Const P1 =3.14159265
Constrad =PI/ 180

"rad" is necessary in Basic to convert trigonometric calculations from radians to degrees and
the reverse. Here are a couple function-calls for inverse sine and cosine:

Function Arcsin(X)

X =Atn(X/Sqr(-X * X+ 1))/rad

End Function

Function Arccos(X)

X = (Atn(-X/ Sqr(-X * X+ 1)) + 2 * Atn(1)) / rad
End Function

Many of the long equations result in angles of five digit angles, meaningless for real world
thinking. A good sub-routine can written into our program as a Function Call. Some of the
results of the equations will return angles over 360 degrees. At times it is necessary to
"normalize" the results to a value at or below 360 degrees. A handy call is:

http://www.m2c3.com/alpocs/tdl1999/nutsbolts10031999/Tdl-3.html 6/15/01
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Function NORMALIZE(X)
X =((X/360)-Int(X/360)) * 360
End Function

Some trigonometric functions may result in erroneous angles that will throw the positions of
a planet way out of bounds. First, when any equation contains the tangent (TAN) it is
possible to end up in the wrong quadrant of the circle. Once your author printed a daily
listing of the Ephemeris of Mars and was surprised to find the right ascension changed from
23:59:59 to 12:00:00! A simple over sight caused this. So, when a TAN shows up, as in the
following equation:

X=TanB/CosLA

The result may be in the wrong sign and quadrant. So it may be necessary to find the inverse
tangent of the denominator and numerator, as in this equation, and the signs of each. Also, it
may be a good time to convert from radial measure to degrees. If the denominator is
negative then we add 180 to the result and find the correct quadrant. Also, this is a good one
for the Function Call routine. FORTRAN incorporates a nice callATN2 that accomplishes
this for you. Basic does not! So let’s just emulate FORTRAN with a Function Call.

An example for equation X = Tan B / Cos LA, simply tag the numerator and dominator as,
RX =Tan B: RY = Cos LA, then:

Call Function Arctan2(RX, RY, X)

Function Arctan2(RX,RY,Y)

X= Atn(RX /RY) /rad

IfRY <0 Then X=X+ 180

End Function

This is a little rough, but you get the idea. Remember, this routine works. There are other

neat sub-routines and function calls that will be discussed as we develop the Ephemeris. Part
Four. We will then begin with the main routine to calculate the Ephemeris of Mars. Later we

“will replace sections of the Mars code to produce an Ephemeris for Jupiter and Saturn.

Because the Solar System doesn’t conform to our time measuring systems, a brief note on
Delta Time (A t) is in order. Delta Time the difference between Universal Time and the time
of our Solar System as determined by the U.S. Naval Observatory and is not readily
available until they compute it each year. Here is an approximation of the value in equation
form:

http://www.m2c3.com/alpocs/tdl1999/nutsbolts10031999/Tdl-3.html 6/15/01
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éub DeltaT()
If UnivYear > 1997 Then DT = -183.5343 - 0.1472927 * UnivYear - 0.00003856419 *
UnivYear * 2
+0.00000008706996 * UnivYear * 3
End Sub

CORRECTION: In Nuts and Bolts of Computing the Ephemeris - Part One a routine for
calculating the Julian Date gave a method that resulted in an erroneous Julian date from
March 1, 2000 throughout the remaining year. The following routine will correct the
discrepancy:

Many astronomical applications use the Julian date system in calculations, so lefs begin
each with how to find the Julian Day number and several fractional parts of the Julian
Century:

If UnivMonth <= 2 Then

Y1 =UnivYear -1

UnivMonth1 = UnivMonth + 12

Else

Y1 =UnivYear

UnivMonth1 = UnivMonth

End If

JulianDate = Int(365.25 * (Y1 + 4716)) + Int(30.6001 * (UnivMonth] + 1)) + UnivDay

+(2 - Int(Y1/ 100) + Int(Int(Y1/ 100) / 4)) - 1524.5

The Julian date can be further adjusted to include the time of day by dividing the Universal
time by 24 and adding it to the Julian date:

txtJulian. Text = Format(JulianDate + UnivTime / 24, "#it#H## #HH#")

Many of the equations in our Ephemeris calculations require the fractional parts of the
Julian Century:

T = (JulianDate - 2415020) / 36525

http://www.m2c3.com/alpocs/td11999/nutsbolts10031999/Tdl-3.html 6/15/01
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T2=T*T
T3=T*T*T

In Part 4 we will look at the nuts & bolts code for calculating a daily listing of the
Ephemeris of Mars. The complete Microsoft Visual Basic source file will be posted in the
resources section of the Computing Section web page.
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